To assess the potential for decreased condom use as pre-exposure prophylaxis (PrEP) is scaled-up in Latin America, we examined HIV prevention method preferences (neither PrEP nor condoms, condoms only, PrEP only, or PrEP with condoms) within 1302 sexual partnerships reported by 397 HIV-negative men who have sex with men (MSM) and transgender women (TW) in Tijuana, Mexico. Using PrEP with condoms (56%) was preferred to using condoms only (24%), using PrEP only (17%), and using neither PrEP nor condoms (3%). Compared to using condoms only, using PrEP only was preferred within primary (adjusted odds ratio 
Introduction
Comprehensive HIV prevention programs that integrate biomedical, behavioral, and structural interventions are needed to address the range of individual, interpersonal/ network, and structural factors that drive HIV epidemics among men who have sex with men (MSM) and transgender women (TW) globally [1, 2] . Once-daily use of oral tenofovir disoproxil fumarate and emtricitabine (TDF-FTC) as pre-exposure prophylaxis (PrEP) is an effective biomedical HIV prevention strategy recommended for use in combination with other HIV prevention methods (i.e., condoms, testing for HIV and other sexually transmitted infections [STIs] , and STI treatment) by individuals at substantial risk of HIV infection, including MSM and TW [3] . However, decreased condom use due to lowered perceptions of risk in the context of PrEP use could increase the risk of STIs and offset PrEP's protection against HIV infection, particularly if condomless anal intercourse (CAI) is coupled with poor PrEP adherence [4] . While evidence of decreased condom use was not documented among MSM and TW in PrEP trials [5] , a recent systematic review and meta-analysis of openlabel studies conducted among MSM and TW identified an increase in CAI and STI diagnoses among PrEP users [6] . These findings highlight the need to better understand the contexts in which CAI occurs with PrEP use, which could shed light on the types of behavioral interventions that may need to accompany PrEP delivery to ensure that it does not displace condom use among MSM and TW.
Although PrEP has not yet been widely implemented in Latin America where HIV epidemics are concentrated among MSM and TW [7, 8] , high levels of willingness to use PrEP have been documented within these populations in Peru (96%) and Brazil (82%) [9, 10] . Few of those surveyed in Brazil who were willing to use PrEP reported that they would not use condoms while taking PrEP [9] ; however, qualitative interviews with MSM and TW in Peru revealed concerns about decreased condom use related to PrEP use [11] . Given that condom use is influenced by dynamics that vary across sexual partnerships (i.e., partnership type, partnership serostatus, substance use before or during sex within partnerships) [12] [13] [14] [15] [16] [17] , there is a need to understand the influence of partnership characteristics on intentions to use PrEP and engage in CAI while using PrEP across a range of partnerships [18] . To elucidate the contexts in which PrEP might displace condom use among MSM and TW as PrEP is brought to scale in Latin America, we assessed HIV prevention method preferences (neither PrEP nor condoms, condoms only, PrEP only, or PrEP with condoms) and the effect of partnership characteristics on those preferences within partnerships reported by MSM and TW in Tijuana, Mexico. HIV prevalence among MSM and TW in Tijuana, which lies along Mexico's northern border with San Diego, California, is estimated to be approximately 20% [19, 20] . Although PrEP is not yet available in Mexico outside of demonstration projects in southern and central Mexico, findings from those projects and the work presented here can help inform behavioral interventions to support continued condom use once PrEP is fully implemented across Mexico and other similar settings in Latin America.
Methods
Beginning in March 2016, participants were recruited from those who tested HIV-negative as part of a parent study designed to compare the effectiveness of venue-based sampling (VBS) and respondent-driven sampling (RDS) for identifying MSM and TW in Tijuana with undiagnosed HIV infection. The parent study recruited both MSM and TW because their sexual networks often overlap (i.e., the sexual networks of MSM in Tijuana often include TW and vice versa) and both experience an elevated prevalence of HIV and undiagnosed HIV infection [19] . Recruitment for the present study continued until September 2017 when ~ 200 participants identified via each recruitment method were enrolled.
VBS was conducted at venues identified during formative research as those frequented by MSM and TW to meet sexual partners, and included bars, clubs, bathhouses, adult movie theaters, sex shops, special events (e.g., Gay Pride), and public spaces. During pre-selected venue-daytime slots, outreach workers approached potential participants at the venues to tell them about the study and screen interested individuals for eligibility. VBS HIV testing eligibility criteria included: cisgender male or transgender female, ≥ 18 years-old, no previous HIV diagnosis, and anal intercourse with a cisgender male or transgender female in the past 4 months. Eligible individuals underwent rapid HIV testing (Advanced Quality HIV 1/2 Test Kits, Intec Products, Inc., Xiamen, China) on-site or, if they preferred, at the study site at their earliest convenience. Rapid HIV test results and post-test counseling were delivered within a few days at the study site. Those who tested negative were offered enrollment in the present study.
RDS is a chain-referral sampling technique commonly used to recruit hidden and marginalized populations [21] . RDS was initiated by 32 seeds with large social networks (≥ 15 peers) recruited from Tijuana's municipal HIV treatment clinic and VBS venues and were selected to be diverse with respect to HIV status, age, sexual orientation, gender identity, and recruitment source. Seeds were given three coupons to refer their MSM/TW peers to the study. Peerrecruits were then given three coupons to refer their peers. Eligible RDS seeds were cisgender male or transgender female, ≥ 18 years-old, lived in Tijuana, and reported anal sex with a cisgender male or transgender female in the past 4 months. RDS peer-recruits were eligible to recruit peers if they met the same criteria but were not required to live in Tijuana and were only required to report anal sex with a cisgender male or transgender female in the past 12 months. Peer-recruits who did not report a previous HIV diagnosis were also eligible for rapid HIV testing. Those who tested negative and reported sex with a cisgender male or transgender female in the past 4 months (for comparability to VBS participants) were offered enrollment in the present study.
Upon enrollment, participants completed intervieweradministered surveys using computer-assisted personalinterviewing (CAPI) technology. During the survey, interviewers briefly introduced PrEP to participants by following a script that included information on efficacy, potential side effects, and the importance of adherence. Surveys collected information on participants' socio-demographics, HIV knowledge [22] , perceived risk of HIV infection ("How likely is it that you will get HIV in your lifetime? 1 = very unlikely, 2 = unlikely, 3 = neither unlikely nor likely, 4 = likely, or 5 = very likely"), prior PrEP awareness ("Before today, had you ever heard of HIV-negative people taking HIV medications or PrEP before having sex as protection against HIV infection?"), and egocentric sexual networks, which reflect an individual's personal sexual network [23] . To collect information on participants' recent personal sexual networks, egocentric sexual network data were collected for up to 20 sexual [vaginal or anal] partners in the past 4 months. This timeframe was chosen because it has been shown to be a reliable period of recall for selfreported sexual contact and behavior data [24] [25] [26] . First, names or nicknames were elicited for each reported partner. Then, participants were asked to provide the following information for each reported partner: socio-demographics (age, gender identity), HIV status (HIV-negative, HIV-positive, or unknown), relationship type (spouse or primary partner, boyfriend/girlfriend, friend, acquaintance, casual partner, anonymous partner, paid partner, other), trust ("On a scale of 1 to 10, how much do you trust [partner] where 1 indicates you do not trust him/her at all and 10 indicates that you trust him/her with your life?"), frequency of interaction in the past 4 months (once, monthly/almost monthly, weekly/ almost weekly, multiple times per week, daily/almost daily), primary location of sexual intercourse in the past 4 months, and HIV-related risk behaviors in the past 4 months (alcohol and illicit drug use before or during sexual intercourse, exchange of money, drugs or other goods for sexual intercourse, condomless sexual intercourse). For each reported partner, participants were also asked "If both condoms and PrEP were available for free in Mexico, how would you protect yourself from getting HIV during sex with [partner]?" and given the following answer choices: neither PrEP nor condoms, condoms only, PrEP only, or PrEP with condoms. Participants provided written informed consent and the study was approved by institutional review boards at the University of California, San Diego and Xochicalco University in Tijuana.
We restricted our analysis to 1302 partnerships with cisgender male or transgender female partners (reported by 397 participants) with whom participants indicated an HIV prevention method preference. First, we calculated descriptive statistics for partner and partnership characteristics by HIV prevention method preferences within these partnerships. Next, to account for the correlation between partnerships reported by (i.e., nested within) the same participant, we used multinomial logistic generalized linear mixed models to examine the effect of partner and partnership characteristics on HIV prevention method preferences within partnerships. Due to the small number of partnerships (N = 39) within which participants said they would use neither PrEP nor condoms to protect against HIV infection, models including that category did not converge. Therefore, our models excluded those partnerships and our outcome of interest only considered the other three HIV prevention method preferences (condoms only, PrEP only, or PrEP with condoms). To examine preferences with respect to currently available prevention methods, we considered partnerships within which using condoms only was preferred to protect against HIV infection as the reference group. Partner and partnership characteristics significantly (p value < 0.05) associated with prevention method preferences in unadjusted models were further examined in multivariable models. We generated a directed acyclic graph (DAG) to consider known or plausible relationships among the significant partner/partnership characteristics, the outcome, and other participant, partner, and partnership characteristics (Fig. 1) . Separate multivariable models were constructed for each significant partner/partnership characteristic, adjusting for variables identified as confounders of the associations of interest in our DAG (see Table 3 footnotes). All analyses were conducted in SAS 9.4 (SAS Institute, Inc.; Cary, NC). (Table 1) . Overall, participants' HIV knowledge was moderately high (median score = 15.0, range of possible scores = 5-18). Forty-nine percent of participants perceived themselves to be at risk of HIV infection (i.e., likely or very likely to get HIV) and 17% had previously heard of PrEP.
Participants reported on 1302 (median = 2, IQR = 1-4) cisgender male and transgender female anal intercourse partners in the past 4 months. These partners had a median age of 31 years (IQR = 25-40), with 87% identifying as cisgender male and 34% potentially being sero-discordant (2% HIV-positive; 32% serostatus unknown) ( Table 2) . Most partnerships were with non-primary partners (91%) and involved a high level of HIV-related risk behaviors in the past 4 months: 40% had exchanged money, drugs, or goods for sex, 54% had engaged in CAI, and 63% had used alcohol or illicit drugs before or during sex.
Using PrEP with condoms (56%) was the preferred HIV prevention method within reported partnerships followed by condoms only (24%), PrEP only (17%), and neither PrEP nor condoms (3%). In unadjusted models, compared to using condoms only, using PrEP only was preferred within primary partnerships ( 12 .40) remained positively associated with preferring to use PrEP only relative to using condoms only to protect against HIV infection. Multivariable models were adjusted for variables identified as confounders in our DAG (Fig. 1) , except for participant's gender identity and HIV knowledge. These variables were excluded due to model convergence issues resulting from their limited variation across the partnership characteristics of interest (i.e., relationship type and CAI within partnerships) and the outcome of interest.
Discussion
We investigated the potential for PrEP to displace condom use by examining intentions to use neither PrEP nor condoms, condoms only, PrEP only, or PrEP with condoms to protect against HIV infection within sexual partnerships reported by MSM and TW in Tijuana, Mexico. We found that using PrEP with condoms was the preferred HIV prevention method within more than half of reported partnerships. However, using PrEP only was preferred within nearly one in five partnerships and was most common in the context of primary partnerships and partnerships that engaged in CAI. While high-risk partnerships that already engage in CAI may rely on PrEP alone to prevent HIV infection, our findings suggest that PrEP use may not lead to decreased condom use among MSM and TW in Tijuana.
Previous research suggests that 35-68% of HIV transmission events among MSM occur within primary partnerships [27, 28] where CAI is not uncommon and is often Table 2 Partner and partnership characteristics by HIV prevention method preference within partnerships reported HIV-negative MSM and TW in Tijuana, Mexico
Numbers may not sum to column total due to missing data; percentages may not sum to 100 due to rounding or omission of one category for binary variables practiced to express relationship intimacy [29] . Gamarel et al. hypothesized that the belief that condoms interfere with intimacy may motivate PrEP use, and thus facilitate risk reduction in the context of CAI without compromising intimacy priorities within MSM primary partnerships [29] . In support of this hypothesis, Gamarel et al. found that among MSM in New York City who reported primary partners, intentions to use PrEP were higher among those who view condom use as a barrier to intimacy with their primary partners [29] . Although we did not measure relationship intimacy, our finding that intentions to use PrEP alone were higher within primary partnerships may similarly be explained by a desire to manage HIV transmission risk while preserving relationship intimacy. Moreover, given that 91% of reported partnerships were with non-primary partners, our finding that intentions to use PrEP without condoms were also higher in partnerships that engage in CAI, suggests that MSM and TW may correctly perceive CAI practicing partnerships as a source of potentially greater risk. Regardless of partnership type, MSM and TW may view PrEP use alone as a risk reduction strategy when motivators of CAI (e.g., intimacy, sexual pleasure) or barriers to condom use (e.g., substance use, decreased sexual decision-making power) make it undesirable or difficult to use condoms consistently within CAI practicing partnerships.
Although our findings do not provide strong evidence that PrEP may displace condom use, condom use behavior in the context of actual PrEP use may differ from the intentions reported in our hypothetical study. As such, in accordance with current PrEP guidelines [3] , implementation programs in Tijuana and other similar settings in Latin America should promote the use of condoms with PrEP to minimize the potential for increased CAI and prevent infection with HIV and other STIs. However, it is also important that implementation programs recognize that PrEP not only provides additional protection against HIV infection in the context of consistent condom use, but also provides substantial protection in the context of inconsistent condom use when adherence to PrEP is high [30] . MSM and TW in high-risk sexual partnerships that do not consistently use condoms stand to benefit immensely from PrEP. Our findings suggest that adherence counseling and other behavioral interventions to support retention in PrEP care for MSM and TW who report primary or CAI practicing partnerships may be critical to ensuring that the protective benefits of PrEP are not undermined by barriers to consistent condom use in these contexts.
It is important to consider our findings in light of our study's limitations. First, we used non-probability sampling methods (i.e., VBS and RDS) to recruit MSM and TW. While this may have limited the generalizability of our findings, using these sampling methods likely facilitated our access to these hard to reach populations in Tijuana where stigma toward sexual and gender minorities is widespread. Second, social desirability bias may have led to inaccurate or incomplete reporting on sensitive information related to sexual and substance use behaviors. Third, because sexual partners were not interviewed directly, partner characteristics (i.e., age, gender identity, HIV status) may have been misclassified. However, it is unlikely that any misclassification resulting from this or social desirability bias was differential with respect to the exposures (i.e., partnerships characteristics) or outcome (i.e., HIV prevention method preference) of interest. Fourth, we were unable to examine partnership characteristics associated with preferring neither PrEP nor condoms to protect against HIV infection within reported partnerships. This merits examination in future research since these partnerships may be at greatest risk. Fifth, although there was little variation in gender identity and HIV knowledge across the exposures or outcome of interest, our adjusted estimates may be biased due to confounding by these factors, which should be considered in future research. Finally, due to the small sample of TW included in our study, we were unable to examine differences in the effect of partnership characteristics on HIV prevention method preferences by the participants' gender identity.
Despite these limitations, our findings suggest that PrEP use may not displace condoms as an HIV prevention method among MSM and TW in Tijuana, Mexico. While continued research will be critical to understanding the impact of PrEP on condom use once PrEP becomes available in Tijuana, our study provides insight on the importance of delivering PrEP in the context of comprehensive intervention packages that consider the potential impact of partnership characteristics on HIV prevention method preferences. Interventions to support PrEP adherence and retention in PrEP care among MSM and TW who report high-risk sexual partnerships may help maximize the potential impact of PrEP on HIV incidence among MSM and TW in Tijuana and other similar settings in Latin America.
